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CLAIMS 



[Claim(s)] 

[Claim 1] A semiconductor device characterized by providing the following A semiconductor support 
substrate of the 1st conductivity type (1) Said semiconductor support substrate (1) is the semiconductor 
layer (4) of the 1st conductivity type with which it is formed in said semiconductor support substrate (1), 
extends in the depth direction from the substrate surface, and is formed a diffusion field (6) of the 2nd 
conductivity type where the breadth size of the direction of a normal on the surface of a substrate is larger 
than a horizontal breadth size in a field of arbitration parallel to the substrate surface, and on said 
semiconductor support substrate (1), and field bearings differ. 

[Claim 2] A semiconductor device characterized by for field bearing of said semiconductor support substrate 
(1) being (110), and field bearing of said semiconductor layer (4) being (100) in a semiconductor device 
according to claim 1 . 

[Claim 3] A manufacture method of a semiconductor device characterized by providing the following A 
production process which forms a trench (5) with which a side wall became low concentration at least in a 
semiconductor substrate (1) of the 1st conductivity type A production process which embeds the inside of 
said trench (5) with a semiconductor material (14) of the 2nd conductivity type A semiconductor substrate 
for pasting of the 1st conductivity type which embedded a layer (17) of a specific atom in the predetermined 
depth (15) A production process which arranges a semiconductor layer (18) of the 1st thin conductivity type 
on a production process which sticks a semiconductor substrate (1) in which said trench (5) was formed, by 
direct cementation, and a semiconductor substrate (1) which exfoliated in an atomic buried layer (17) of said 
semiconductor substrate for pasting (1-5), and formed said trench (5) by heat-treating 
[Claim 4] A manufacture method of a semiconductor device characterized by field bearings of said both 
substrates (1 15) stuck differing in a manufacture method of a semiconductor device according to claim 3. 
[Claim 5] A manufacture method of a semiconductor device characterized by providing the following A 
production process which forms a trench (21) in a semiconductor substrate (20) of the 1st conductivity type 
A production process which is made to diffuse an impurity into said semiconductor substrate (20) from a 
opening of a trench (21), and reduces high impurity concentration of a trench (21) wall effectually by 
heat-treating in a gaseous phase containing an impurity of the 2nd conductivity type A production process 
which embeds the inside of said trench (21) with a semiconductor material (23) of the 2nd conductivity type 
A production process which arranges a semiconductor layer (24) of the 1st thin conductivity type on said 
semiconductor substrate (20) 

[Claim 6] A semiconductor layer (24) of said semiconductor substrate (20) and 1st conductivity type is the 
manufacture method of a semiconductor device characterized by field bearings differing in a manufacture 
method of a semiconductor device according to claim 5. 

[Claim 7] A manufacture method of a semiconductor device characterized by providing the following A 
production process which forms a trench (5) with which a side wall became low concentration at least in a 
semiconductor substrate (1) of the 1st conductivity type A production process which embeds the inside of 
said trench (5) with a semiconductor material (14) of the 2nd conductivity type A bulk single crystal 
semiconductor substrate of the 1st conductivity type (30) A production process which arranges a 
semiconductor layer (31) of the 1st thin conductivity type on a production process which sticks a 
semiconductor substrate (1) in which said trench (5) was formed, by direct cementation, and a 
semiconductor substrate (1) which thin-film-ized said bulk single crystal semiconductor substrate (30), and 
formed said trench (5) 

[Claim 8] A semiconductor substrate (1) and a bulk single crystal semiconductor substrate (30) of said 1st 
conductivity type are the manufacture method of a semiconductor device characterized by field bearings 
differing in a manufacture method of a semiconductor device according to claim 7. 
[Claim 9] A manufacture method of a semiconductor device characterized by providing the following A 
production process which forms a trench (5) with which a side wall became low concentration at least in a 
semiconductor substrate (1) of the 1st conductivity type A production process which embeds the inside of 
said trench (5) with a semiconductor material (14) of the 2nd conductivity type A SOI substrate with which t 
semiconductor layer (43) of the 1st thin conductivity type has been arranged through an insulator layer (42) 
on a substrate (41) (40) A production process which sticks a semiconductor substrate (1) in which said 
trench (5) was formed, by direct cementation, and a production process which arranges a semiconductor 
layer (43) of said 1st conductivity type on a semiconductor substrate (1) of said SOI substrate (40) which 
removed a substrate (41) at least and formed said trench (5) 

[Claim 10] A semiconductor layer (43) of the 1st conductivity type of a semiconductor substrate (1) of said 
1st conductivity type and said SOI substrate (40) is the manufacture method of a semiconductor device 
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characterized by field bearings differing in a manufacture method of a semiconductor device according to 
claim 9. 

[Claim 1 1] A manufacture method of a semiconductor device characterized by providing the following A 
production process which forms a semiconductor layer (51) of the 2nd conductivity type on a semiconductor 
substrate (50) of the 1st conductivity type A production process which forms a trench (52) in said 
semiconductor layer (51) A production process which forms a semiconductor layer (53) of the 1st 
conductivity type in the upper surface of a semiconductor layer (51) of said 2nd conductivity type by 
continuing epitaxial growth while forming a semiconductor layer (53) of the 1st conductivity type in the 
interior of said trench (52) with an epitaxial grown method and embedding the interior of a trench (52) A 
production process which thin-film-izes a semiconductor layer (53) of the 1st conductivity type on a 
semiconductor layer (51) of said 2nd conductivity type 
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DETAILED DESCRIPTION 



[Detailed Description of the Invention] 
[0001] 

[The technical field to which invention belongs] This invention relates to the manufacture method of a 

semiconductor device and a semiconductor device. 

[0002] 

[Description of the Prior Art] The semiconductor device called a power device can be used for a high 
current drive by high pressure-proofing, and is used for vehicles, industrial devices, etc., such as an 
automobile. The principle of operation of current and a power device in use is an MOS gate control, and 
MOSFET and its IGBT are in use in almost all applicable fields. However, about MOSFET, there is a problem 
that the on resistance is large, especially in a field with a high resisting pressure specification of hundreds o1 
volts or more. The on resistance of MOSFET is because a high resistance drift region is mainly determined, 
and this is because high pressure-proofing and on resistance generally have a trade-off relation. Then, 
although IGBT is used for a high resisting pressure use in many cases, although IGBT is a bipolar device 
therefore, it has theoretically the problem that switching speed is slow, compared with MOSFET which is an 
unipolar device. In each, the engine performance is approaching the theoretical limit of device structure, and 
serves as the condition that a new device concept is expected. 

[0003] In such a condition, there is power metal-oxide semiconductor field effect transistor currently 
indicated by JP,7-7154,A. The cross section is shown in drawing 20 . Low resistance N+ The semiconductor 
layer 101 is formed on a substrate 100, in this semiconductor layer 101, the P type field (body P field) 102 
-and-the N type field (drift N field) 103 inserted _into„this_are arranged, the Jijgh concentration P field (channel 
P field) 104 is formed in the upper part of the body P field 102, and the high concentration N field (source N 
field) 105 is arranged to that interior. 

[0004] On the semiconductor layer 101, the gate electrode 107 is arranged through gate oxide 106. 
Moreover, N+ which becomes a drain while the source electrode 108 contacts the source N field 105 and 
the channel P field 104 The drain electrode (illustration abbreviation) is arranged in the rear face of a 
substrate 100. 

[0005] It is suitably designed by the specification of a device, concerning the depth, if it is 600 volts in 
resisting pressure specification, generally 45 micrometers or more are needed, and it is related with width of 
face, for example, the depth and width of face of the drift N field 103 are 1ohmmm2. In order to obtain on 
resistance, generally it becomes width of face of 5 micrometers or less. This device structure is announced 
by Siemens (Siemens) and called cool MOS (Cool MOS). 

[0006] An outline is explained about the principle of operation of cool MOS. In an ON state, an electron 
passes through near the surface of the source N field 105 to the channel P field 104, and is introduced all 
over the drift N field 103. Then, an electron moves to a perpendicular lower part with the drain voltage 
impressed to the rear-face substrate. In order to reduce the on resistance at this time, it is required to 
reduce resistance of the drift N field 103, namely, as for the impurity of the drift N field 103, it is desirable 
that it is high concentration. 

[0007] In an OFF state, the drift N field 103 and the whole body P field 102 (the surface of an element near 
[ i.e., ]) arranged on both sides of this were depletion-ized over the whole element surface, by distributing 
the voltage impressed by this depletion layer on the average, local electric-field concentration was 
prevented and pressure-proofing is secured. Thus, the impurity density and width of face of both the fields 
102,103 are appropriately designed so that N and the P car field 102,103 may depletion-ize uniformly. 
Although it is desirable for on resistance reduction that it is high concentration as mentioned above here as 
for the drift N field 103, since a depletion layer is hard to be formed in a high concentration field, in order for 
the drift N field 103 to depletion-ize completely on the other hand, the small thing of the width of face of 
this field 103 is desirable. 

[0008] Cool MOS is the outstanding element which can show the engine performance which transcends the 
conventional theoretical limit. Thus, about the manufacture method G. — Deboy ** — "A newgeneration of 
high voltage MOSFETs breaks the limit line of silicon" IEDM98 Proc. (1998) to depend It sets. In order to 
form the deep drift N field 103 where width of face is narrow, it is reported that several EPI, 
photolithography and ion implantations, and diffusion are repeated. 

[0009] However, the manufacture method of cool MOS (transistor of the vertical mold which has the deep 
high-concentration diffusion field 103 where width of face is narrow, and passes current in the direction of a 
rear face from the substrate surface inside a substrate) poses a big problem in respect of a manufacturing 
cost in this way. For example, the case where the drift N field 103 with a depth [ of 45 micrometers ] and a 
width of face of 5 micrometers is formed by EPI growth is considered. As mentioned above, in a diffusion 
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process, when forming on the basis of the repeat of epitaxial growth, an ion implantation, and a diffusion 
process, since the diffusion length of a lengthwise direction and lateral diffusion length are the same, 1 time 
of epitaxial thickness needs to be the width of face of a drift layer, and below equivalent. Therefore, also at 
the lowest in the aforementioned conditions, a total of 9 times (= depth / width of face = 45/5) of 
photograph production processes are needed. And to the substrate production process so far, it sets at the 
device production process after this, and a photograph production process is gate electrode etching and P+. 
An ion implantation and N+ It is a total of 6 times of an ion implantation, contact etching, wiring etching, and 
protective coat etching (for pad exposure). That is, it will have more than the moiety of all routing counters 
only by the substrate manufacturing process. 
[0010] 

[Problem(s) to be Solved by the Invention] This invention is made by the basis of the background mentioned 
above, and that purpose is in offering the semiconductor device by the new configuration, and its 
manufacture method. 
[0011] 

[Means for Solving the Problem] According to a manufacture method of a semiconductor device according 
to claim 3, a trench with which a side wail became low concentration at least in a semiconductor substrate 
of the 1st conductivity type is formed. And the inside of a trench is embedded with a semiconductor materia 
of the 2nd conductivity type. Furthermore, a semiconductor substrate for pasting of the 1st conductivity 
type which embedded a layer of a specific atom in the predetermined depth, and a semiconductor substrate 
in which a trench was formed are stuck by direct cementation. Next, by heat-treating, it exfoliates in an 
atomic buried layer of a semiconductor substrate for pasting, and a semiconductor layer of the 1st 
conductivity type thin on a semiconductor substrate in which a trench was formed is arranged. 
[0012] Moreover, by manufacture method of a semiconductor device according to claim 4, field bearings of 
both substrates stuck shall differ in a manufacture method of a semiconductor device according to claim 3. 
This is desirable as technique for obtaining a semiconductor device according to claim 1. 
[0013] That is, a diffusion field of the 2nd conductivity type formed in a semiconductor support substrate of 
the 1st conductivity type extends in the depth direction from the substrate surface, and its breadth size of 
the direction of a normal on the surface of a substrate is larger than a horizontal breadth size in a field of 
arbitration parallel to the substrate surface. Moreover, as for a semiconductor layer of the 1st conductivity 
type formed on a semiconductor support substrate, field bearing differs from a semiconductor support 
substrate. Especially, like, in a semiconductor device according to claim 1, field bearing of a semiconductor 
support substrate is (1 1 0), and field bearing of^a semiconductor layer becomes being (100) with a desirable 
thing according to claim 2. 

[0014] According to a manufacture method of a semiconductor device according to claim 5, a trench is 
formed in a semiconductor substrate of the 1st conductivity type. And by heat-treating in a gaseous phase 
containing an impurity of the 2nd conductivity type, an impurity is spread into a semiconductor substrate 
from a opening of a trench, and high impurity concentration of a trench wall decreases effectually. 
Furthermore, the inside of a trench is embedded with a semiconductor material of the 2nd conductivity type, 
and a semiconductor layer of the 1st thin conductivity type is arranged on a semiconductor substrate. Here, 
it becomes what has them. [ desirable / like / as technique for obtaining a semiconductor device according 
to claim 1 when a semiconductor substrate and a semiconductor layer of the 1st conductivity type are made 
into a thing according to claim 6 from which field bearing differs ] 

[0015] According to a manufacture method of a semiconductor device according to claim 7, a trench with 
which a side wall became low concentration at least in a semiconductor substrate of the 1st conductivity 
type is formed. And the inside of a trench is embedded with a semiconductor material of the 2nd 
conductivity type. Furthermore, a bulk single crystal semiconductor substrate of the 1st conductivity type 
and a semiconductor substrate in which a trench was formed are stuck by direct cementation. Next, a bulk 
single crystal semiconductor substrate is thin-film-ized, and a semiconductor layer of the 1st conductivity 
type thin on a semiconductor substrate in which a trench was formed is arranged. Here, it becomes what 
has them. [ desirable / like / as technique for obtaining a semiconductor device according to claim 1 when a 
semiconductor substrate and a bulk single crystal semiconductor substrate of the 1st conductivity type are 
made into a thing according to claim 8 from which field bearing differs ] 

[0016] According to a manufacture method of a semiconductor device according to claim 9, a trench with 
which a side wall became low concentration at least in a semiconductor substrate of the 1st conductivity 
type is formed. And the inside of a trench is embedded by semiconductor film of the 2nd conductivity type. 
Furthermore, a SOI substrate with which a semiconductor layer of the 1st thin conductivity type has been 
arranged through an insulator layer, and a semiconductor substrate in which a trench was formed are stuck 
by direct cementation on a substrate. Next, a semiconductor layer of the 1st conductivity type is arranged 
on a semiconductor substrate of a SOI substrate which a substrate was removed at least and formed a 
trench. Here, it becomes what has it. [ desirable / like / as technique for obtaining a semiconductor device 
according to claim 1 when a semiconductor layer of the 1st conductivity type of a semiconductor substrate 
of the 1st conductivity type and a SOI substrate is made into a thing according to claim 10 from which field 
bearing differs ] 

[0017] According to a manufacture method of a semiconductor device according to claim 1 1, a 
semiconductor layer of the 2nd conductivity type is formed on a semiconductor substrate of the 1st 
conductivity type. And a trench is formed in a semiconductor layer. Furthermore, while a semiconductor 
layer of the 1st conductivity type is formed in the interior of a trench by epitaxial grown method and the 
interior of a trench is embedded, a semiconductor layer of the 1st conductivity type is formed in the upper 
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surface of a semiconductor layer of the 2nd conductivity type by epitaxial growth being continued. Next, a 
semiconductor layer of the 1st conductivity type on a semiconductor layer of the 2nd conductivity type is 
thin-film-ized. 

[0018] , , 

[Embodiment of the Invention] (Gestalt of the 1st operation) The gestalt of the 1st operation which 
materialized this invention is hereafter explained according to a drawing. 

[0019] The drawing of longitudinal section of the semiconductor device in this operation gestalt is shown in 
drawing 1 . This semiconductor device is N channel mold power metal-oxide semiconductor field effect 
transistor. Setting to drawing 1 , the semiconductor support substrate 1 is N+. It is constituted by the mold 
silicon substrate 2 and the N type silicon layer 3 formed on it. The N type silicon layer 3 is formed with 
epitaxial growth. Moreover, on the support substrate 1 (N type silicon layer 3), the thin N type silicon layer 4 
is arranged. Specifically, the thickness of the N type silicon layer 4 is 1 micrometer or less. Furthermore, as 
for the N type silicon layer 4 and the semiconductor support substrate 1 (a substrate 2, silicon layer 3), field 
bearings differ. Field bearing of the semiconductor support substrate 1 is (110), and, specifically, field bearing 
of the N type silicon layer 4 is (100). In addition, field bearing of the N type silicon layer 4 can also be made 
into the same thing as field bearing of the semiconductor support substrate 1. 

[0020] A trench (slot) 5 is formed in the N type silicon layer 3, it fills up with single crystal silicon in this 
trench 5, and the P type diffusion field 6 is constituted. This P type diffusion field 6 extends in the depth 
direction from the substrate surface, and its breadth size of the direction of a normal on the surface of a 
substrate is larger than the horizontal breadth size in the field of arbitration parallel to the substrate surface 
Moreover, this P type diffusion field 6 turns into a body P field in a transistor. 

[0021] The plan in the A-A line in the N type silicon layer 3 is shown in drawing 2 . In drawing 2 , many body 
P fields 6 (trench 5) are formed in the N type silicon layer 3. This body P field 6 (trench 5) is making the 
shape of a cylinder. 

[0022] Moreover, in drawing 1 , the N type field inserted into the body P field 6 (trench 5) turns into the drift 
N field 7. On the support substrate 1 (N type silicon layer 3), the gate electrode 1 1 is formed through gate 
oxide 10. P+ for Vt control of a channel in the surface section of the N type silicon layer 4 which can set 
the gate electrode 11 caudad The mold field (channel P field) 8 is formed. Furthermore, in the surface 
section in the interior of the channel P field 8, it is N+. The mold field (source N field) 9 is formed. And the 
source electrode 12 touches the channel P field 8 and the source N field 9. Moreover, N+ The drain 
electrode (illustration abbreviation) is arranged on the inferior surface of tongue of the mold silicon substrata 
2. - ~ ~ - - - 

[0023] As an operation of this transistor, the maximum surface section of the channel P field 8 is reversed, 
a channel is formed in the ON state of a transistor, and current flows from the source to a drain electrode 
on the back via the drift N field 7 and high concentration N type field (2) inside a substrate. On the other 
hand, in an OFF state, the depletion layer extended from each PN-junction field touches mutually, and 
depletion-izes completely from the surface of a substrate to a considerable deep field according to the 
principle of cool MOS mentioned above. Thereby, high pressure-proofing can be held. If it puts in another 
way, concentration and a size are controlled that such high pressure-proofing should be secured. 
[0024] In addition, the increase of the current capacity per unit area and a desirable thing cannot so be 
overemphasized that the body P field 6 and the drift N field 7 have many the numbers. Next, the 
manufacture method is explained using drawing 3 - drawing 5 , and drawing 1 . 

[0025] First, as shown in drawing 3 (a), high impurity concentration is 1x1020-/cm3. The high concentration 
N type substrate 2 which is a degree is prepared. The mixture of gas of for example, silane gas and 
phosphine gas is used for this, and epitaxial growth only of the 45 micrometers of the N type 
single-crystal-silicon layers 3 is carried out to it. At this time, it is desirable to pre-use a wafer thin about 
45 micrometers to the suitable thickness suited the path of the silicon wafer used in order to abolish the 
increment in the thickness of the substrate accompanying formation of an epitaxial layer 3. 
[0026] although the high impurity concentration of this N type layer 3 is decided by width of face of a drift N 
field — general — 1x1015-/cm3 from — 1x1017-/cm3 It is a degree. Furthermore, as shown in drawing 3 
(b), after forming the about 100nm oxide film 13 in the surface of the N type single-crystal-silicon layer 3 by 
thermal oxidation etc. and applying a photoresist, desired field 13a is etched. Consequently, opening 13a is 
formed. 

[0027] Furthermore, as it is shown in drawing 3 (c), using this oxide film 13 (or an oxide film and the cascade 
screen of a resist) as a mask material, the single-crystal-silicon layer 3 is etched and a trench (slot) 5 is 
formed. Etching uses the dry etching which used ICP (Inductive Coupled Plasma) etc., or the wet etching 
using KOH or TMAH. When using wet etching, compared with dry etching, formation of the crystal defect by 
the damage by etching is controlled. Furthermore, although an almost perpendicular trench (slot) can be 
formed using the anisotropy of etching, the side wall at the time of setting field bearing of this silicon wafer 
to (110), and etching it in this case, needs to consider as a field (111). Only for a nitride or a resist film, the 
material used as a mask is besides an oxide film. These mask materials may be removed by wet etching etc. 
after the trench formation by etching, or may perform the epitaxial growth production process of degree 
production process as it is. Drawing 3 (c) shows the case where a mask material is removed. Moreover, in 
order to remove the defect generated by the damage at the time of etching, you may perform, CDE 
(Chemical Dry Etching), the continuous process of thermal oxidation and thermal oxidation film removal, i.e., 
sacrifice oxidation etc., etc. 

[0028] Then, as shown in drawing 4 (a), epitaxial growth of the N type single-crystal-silicon film 14 is carried 
out by making a silane (SiH4) and a dichloro silane (SiCI two H2) into material gas. thickness of this 



3/7 



2004/03/04 15:36 



http://www4.ipdljpo.go.jp/cgi-bin/tran_web_cgi_ejje 



single-crystal-silicon film (epitaxial film) 14 that carried out epitaxial growth is made or more [ of the width 
of face of a trench 5 ] into 1/2, and it fills up with the inside of a trench 5 completely (embedded) — it is 
made like. Here, by etching a opening somewhat isotropic, a taper may be attached to a opening, or 
temperature and gas may be changed in the middle of an epitaxial growth production process, and the 
method of etching only a opening similarly may be used so that restoration nature may be raised and a cavitv 
may not be made inside. 

[0029] After such an epitaxial production process, as for the non-opening field on the surface of a wafer, we 
are anxious about becoming silicon of the complexity of the configuration, therefore not single crystal silicon 
but polycrystal, or an amorphous condition near the opening, also when the mask material remains, and 
etching removal of the mask material is carried out of course. Then, as shown in drawing 4 (b), polishing and 
dry etching using technology, such as CMP (Chemical Mechanical Polishing), are performed to the 
semiconductor substrate surface, and the surface epitaxial film 14 is removed. In detail, it removes to the 
location which was the surface of the early silicon layer 3 at least. 

[0030] this polishing — for example, CMP (Chemical Mechanical Polishing) — although law can be used, the 
amount of removal of the single crystal silicon by polishing is carried out to more than the thickness of the 
single-crystal-silicon layer 3 which grew at least. At this time, polishing beyond necessity may cause surface 
settlement, may decrease the depth of a drift N field and a body P field, and may decrease element 
pressure-proofing. In order to prevent this, it is necessary to control the amount of polishing correctly. For 
example, when the concentration becomes large as technique for it, acting as the monitor of the existence 
of for example, the Lynn element during polishing, it is possible by ending polishing to control the amount of 
polishing. As the monitor method of P element at this time, the difference of the polishing speed by the 
class of impurity may be used besides instrumental analyses, such as an element extinction method. Or in 
case epitaxial growth is used for restoration of the single-crystal-silicon film 14 into a trench 5, a thin oxide 
film is formed in the substrate upper surface which is a non-opening field, and by preventing the epitaxial 
growth to a this top, it may consider as the end point of polishing by using this oxide film as a stopper at the 
time of polishing, and you may improve the controllability of the amount of polishing. In detail, about 200nm o 
early substrates is oxidized thermally, and after applying a photoresist on this, the desired resist and desired 
oxide film of a field are removed at a photograph production process. Next, this cascade screen is filled up 
with the single crystal silicon which etched as mask material and grew epitaxially. At this time, single crystal 
silicon does not grow on an oxide film. With an oxide film and silicon, in case this surface is ground, since 
polishing speed differs, when an oxide film is exposed, it can work as a stopper, and the end point of polishini 

can be detected. Then, if UP aqueous solution diluted, for example removes a thermal oxidation film, the leve_ 

difference of only the thickness of a thermal oxidation film will arise, but this level difference is about at 
most 200nm, and since it is possible to carry out flattening by little polishing, the variation in the amount of 
polishing can be stopped. 

[0031] And after such a polishing production process, as shown in drawing 4 (c), the substrate 15 which has 
the hydrogen storage reservoir 17 is prepared. That is, the hydrogen storage reservoir 17 is formed in the 
less than 1 -micrometer field in the ion implantation of a hydrogen atom from the surface (the inside of 
drawing inferior surface of tongue) of the N type silicon substrate 15. Thus, the layer 17 of the atom 
(hydrogen atom) of specification [ the semiconductor substrate 15 for pasting / the predetermined depth ] 
is embedded, and the storage reservoir 17 of hydrogen is formed between the thick silicon layer 16 and the 
thin N type silicon layer 18. And this semiconductor substrate 15 (thin silicon layer 18) for pasting is stuck 
by direct cementation on a substrate 1 . As it exfoliates by suitable heat treatment in the atomic buried layer 
17 (field with built-in hydrogen) of the semiconductor substrate 15 for pasting and this is shown indrawing 5 
, it leaves the thin N layer 18. 

[0032] It is the well-known technology called a smart cut about exfoliation by the ion implantation of the 
hydrogen in the substrate 15 for pasting and heat treatment which were described here. In addition, an 
argon, a xenon, helium, and a hydrogen content child may be used instead of hydrogen. 
[0033] Thus, the N type silicon layer 18 thin on a substrate 1 is arranged. As structure at this time, while 
only thickness with the low-concentration N type single-crystal-silicon layer 4 equivalent to the depth of a 
body P field (6) is formed uniformly at the high-concentration N type silicon substrate 2 top, the body P fielc 
6 is formed into the N type silicon layer 4 (drift N field 7), and the thin N type silicon layer 16 is further 
formed on this substrate 1 . 

[0034] Here, field bearing of both the substrates 1 and 15 to stick can be changed. In addition, although the 
semiconductor substrate 15 for pasting was stuck on the support substrate 1 and it left only the thin silicon 
layer 18 by heat treatment, instead of this, N type single crystal silicon may be formed with epitaxial growth, 
and this epitaxial layer may be thin-film-ized. 

[0035] Then, as shown in drawing 1 , while forming the channel P field 8 and the source N field 9, gate oxide 
10, the gate electrode 1 1, and source electrode 12 grade are arranged. Consequently, N channel mold power 
metal-oxide semiconductor field effect transistor is completed. 

[0036] Next, reference is made about the concrete size of an element, and high impurity concentration. 
When premised on specification with an OFF resisting pressure of 600 volts, in the basic structure shown in 
drawing 1 , the configurations of the field (the drift N field 7 and body P field 6) of a different conductivity 
type are a depth of D= 45 micrometers, and a rectangle with a width of face of W= 2 micrometers, as shown 
in drawing 1 and 2. Moreover, as shown in drawing 2 , with the plan in the wafer surface, the body P field 6 is 
circular. That is, the configuration of the body P field 6 has a desirable cylindrical shape without 
electric-field concentration in an edge portion, if it thinks from the point of the device engine performance. 
This is because the portion which electric field concentrate may carry out the ** rule of the resisting 
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pressure (avalanche breakdown). 

[0037] Moreover, about arrangement of the body P field 6, the distance between the adjoining body P fields 
6 changes greatly with directions with the structure where both directions in every direction align on a 
straight line mutually like drawing: 2 . That is, if distance to the body P field 6 in the location (four directions) 
of the 1st contiguity is set to d1 to the body P field 6 of a certain arbitration, the distance 62 to the body P 
field 6 in the locations (diagonal below etc.) of the 2nd contiguity will be set to root2d1 . If it puts in another 
way, since the width of face of the drift N field 7 is not uniform, the conditions made to form into perfect 
depletion are not uniform. That is, in order to make the drift N field 7 depletion-ize completely, the voltage 
beyond necessity will be impressed between the body P fields 6 of the 1st contiguity, and it may surrender 
here. Therefore, in order to avoid the above troubles, it is desirable to consider as arrangement to which the 
gap of the adjoining body P field 6 becomes homogeneity as much as possible, for example, you may arrange 
so that the body P field 6 which adjoins to body P field 6a of a certain arbitration like drawing 6 may be 
located at the top-most vertices of a positive hexagon. 

[0038] Moreover, although the body P field 6 has been explained as the shape of a cylindrical shape As 
mentioned above, the manufacture method of a body P field or a drift N field It is what is depended on 
restoration of the trench formation by etching, and its interior by epitaxial growth. Epitaxial growth If it takes 
into consideration about the crystallinity of the epitaxially grown film in order to be dependent on field 
bearing of a crystal, when crystal-face bearing will change continuously like the wall of a cylindrical 
shape-like opening field, the crystallinity of an epitaxial film may be confused. 

[0039] Then, the field which carries out epitaxial growth may be made to become fixed field bearing, as 
shown in drawing 7 and 8. That is, the case where field bearings are (110) and a field (100), respectively 
when crystal orientation uses the wafer which is (100) is expressed. Here, it is supposed that the 
longitudinal direction in drawing is parallel to the orientation flat of a wafer. 

[0040] Or as shown in drawing 9 and 10, the body P field 6 is good in two effects mentioned above, i.e., 
electric-field concentration, also as a positive hexagon in consideration of the balance of both on relaxation 
and the crystal disposition of an epitaxial film. Similarly, as shown in drawing 1 1 and 12, the body P field 6 is 
good also as a positive octagon. Thus, it can consider as a polygon configuration. Each of drawing 10 and 
drawing 1 2 arranges arrangement of the adjoining body P field 6 so that a contiguity gap may become 
uniform. 

[0041] In addition, it is possible by using these configurations properly according to the purpose to give the 
optimal element layout. Or as shown in drawing 13 , the body P field 6 may be arranged in a long and slender 
rectangle. In this case, a rectangular configuration is about 2 micrometers by. which a length of one side, is 
equivalent to the width of face of a opening field, and another side is several mm equivalent to the 
magnitude of a cel. You may make it this long side hold the reinforcement at the time of preparing and 
etching an about 2-micrometer non-opening field for example, into 1 00-micrometer gap degree as example 
of another here. 

[0042] Or as shown in drawing 14 , the body P field 6 may be leaned 45 degrees, and may be arranged. As 
mentioned above, when the field bearing dependency of etching (especially wet etching) or epitaxial growth h 
considered, it is effective to lean and arrange so that suitable field bearing may appear in a side wall. 
[0043] Thus, the gestalt of this operation has the following feature. 

(b) As the manufacture method of a semiconductor device, as are shown in drawing 3 (c), and the trench 5 
with which the side wall became low concentration at least in the silicon substrate (semiconductor substrate 
of the 1st conductivity type) 1 of N type is formed and it is shown in drawing 4 (a) As the inside of a trench 
5 is embedded with the P type epitaxial film (semiconductor material of the 2nd conductivity type) 14 and it 
is shown in drawing 4 (c) The silicon substrate (semiconductor substrate for pasting of the 1 st conductivity 
type) 15 which embedded the layer 1 7 of a specific atom in the predetermined depth, and the semiconductor 
substrate 1 in which the trench 5 was formed are stuck by direct cementation. And as shown in drawing 5 , 
by heat-treating, it exfoliated in the atomic buried layer 1 7 of a silicon substrate 15, and the thin silicon laye 
(semiconductor layer of the 1st conductivity type) 18 has been arranged on the substrate 1 in which the 
trench 5 was formed. Therefore, although many photograph production processes are needed in forming the 
diffusion field 102,103 of drawing 20 by EPI growth, a photograph production process is not needed in this 
example. Thus, a substrate production process can be improved and the cost of all production processes 
can be reduced. Moreover, in drawing 20 , if it is going to make both correspond to 1 to 1 about the physical 
relationship of the gate source section which controls a channel, and the drift layer 103, to it be difficult to 
maintain both alignment precision in the element made detailed, it is alignment needlessness and excels in 
this operation gestalt at micro-processing nature. 

[0044] Moreover, field bearings of both the substrates 1 and 15 stuck differ (field bearing of the silicon layer 
4 on the support substrate 1 is field bearing of a substrate 1, and a difference), and field bearing of a 
substrate 1 is (110), and if field bearing of the silicon layer 4 is (100), specifically, the following effect will be 
done so. Although there is the need that field bearing uses the substrate of field (110) bearing at this time 
although it said also in advance that wet etching is more effective than dry etching in order to control the 
configuration of the trench 5 formed by etching and not to form a damage and a defect in a substrate by 
etching, about the membraneous quality of gate oxide, or channel resistance, we are anxious about a 
substrate (1 10) being inferior compared with the usual substrate (100). On the other hand, the fault that the 
substrate by using wet etching (1 10) is inferior compared with the usual substrate (100) is cancelable by 
forming the gate and a source field here by using the substrate to stick as a substrate (100). 
(Gestalt of the 2nd operation) Next, it explains focusing on difference with the gestalt of the 1st operation 
of the gestalt of the 2nd operation. 
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[0045] Although epitaxial growth was carried out and the N type layer (drift N field) 3 was formed on the high 
concentration N type substrate 2 with said 1st operation gestalt, other technique is used with this operation 
gestalt. First as shown in drawing 15 (a), the high concentration N type silicon substrate 20 as a 
semiconductor substrate of the 1st conductivity type is etched, and a trench 21 is formed. And as shown in 
drawing 15 (b), it heat-treats in the gaseous phase containing P type impurity elements, such as boron (B). 
Thereby, a P type impurity is introduced into silicon and the concentration of the desired field 22 falls 
seemingly. That is, an impurity is diffused into a silicon substrate 20 from the opening of a trench 21 , and tht 
high impurity concentration of the wall of a trench 21 is reduced effectually. 

[0046] The production process after this is the same as the production process mentioned above. That is, 
after performing flattening processing while embedding the inside of a trench 21 with P type silicon 
(semiconductor material of the 2nd conductivity type) 23 with an epitaxial grown method as shown in drawing 
15 (c), the thin N type silicon layer (semiconductor layer of the 1st conductivity type) 24 is arranged on a 
silicon substrate 20. 

[0047] Field bearing of a silicon substrate 20 and the N type silicon layer 24 can be changed by using the 
pasting method by direct cementation here. The substrate obtained by this technique can skip the epitaxial 
growth production process of the thick film for N type layer (drift region) formation, and it not only 
contributes to low cost-ization of a production process greatly, but it has the following advantages. That is, 
the profile of the drift N field (22) formed of this technique serves as a configuration gradually 
low-concentration-ized from the edge of the body P field 23, and since a depletion layer elongation-comes 
to be easy so that it keeps away here, in order to depletion-ize the whole drift N field as mentioned above, it 
does not need superfluous voltage. This does not need the arrangement which takes the top-most vertices 
of hexagons, such as drawing 10 , but makes the layout of wiring etc. easy. Furthermore, in an etching 
production process, although it is desirable that it is the same field as the upper surface of a high resistance 
N field (member of the sign 2 of drawing 3 (c)) as for the etching depth, it is very difficult to perform this 
correctly, and we are anxious about etching being superfluous or running short like drawing 19 (b) like 
drawing 19 (a). Thus, the variation in the physical relationship of the high concentration N field 2 and a drift 
N field causes [ of the element engine performance ] variation. On the other hand, since both relation is 
determined in self align in this example in order to form a drift N field after etching, there are such no 
worries. (Gestalt of the 3rd operation) Next, it explains focusing on difference with the gestalt of the 1st 
operation of the gestalt of the 3rd operation. 

[0048] As the manufacture method, the production process explained using above-mentioned drawing 3 (a), 
(b), (c), and drawing 4 (a) is carried out first. That is, the N type silicon layer 3 is formed on the high, 
concentration N type silicon substrate 2, it considers as the N type silicon substrate (semiconductor 
substrate of the 1st conductivity type) 1, the trench 5 with which the side wall became low concentration at 
least in this substrate 1 is formed, the inside of a trench 5 is embedded by the P type silicon film 14, and 
surface flattening is performed further. 

[0049] And as shown in drawing 1 6 (a), the bulk single crystal silicon substrate (bulk wafer) 30 as a bulk 
single crystal semiconductor substrate of the 1st conductivity type is prepared, and the silicon substrate 
(support substrate) 1 and the bulk substrate 30 in which the trench 5 was formed are stuck by direct 
cementation. Furthermore, as grinding and polishing are performed from the rear face of the bulk substrate 
30 and it is shown in drawing 16 (b), it thin-film-izes. Thereby, the N type silicon layer 31 thin on the silicon 
substrate 1 in which the trench 5 was formed is arranged. 

[0050] Here, field bearing of a silicon substrate 1 and the N type bulk single crystal silicon substrate 30 can 
be changed by using the pasting method by direct cementation. Since a special production process and a 
special wafer are not needed in this example, simplification of a production process is possible. 
(Gestalt of the 4th operation) Next, it explains focusing on difference with the gestalt of the 1st operation o1 
the gestalt of the 4th operation. 

[0051] As the manufacture method, the production process explained using above-mentioned drawing 3 (a), 
(b), (c), and drawing 4 (a) is carried out first. That is, the N type silicon layer 3 is formed on the high 
concentration N type silicon substrate 2, it considers as the N type silicon substrate (semiconductor 
substrate of the 1st conductivity type) 1, the trench 5 with which the side wall became low concentration at 
least in this substrate 1 is formed, the inside of a trench 5 is embedded by the P type silicon film 14, and 
surface flattening is performed further. 

[0052] And as shown in drawing 1 7 (a), the SOI substrate 40 is prepared as a pasting substrate to join. As 
for the SOI substrate 40, the thin N type silicon layer (semiconductor layer of the 1st conductivity type) 43 
is arranged through the oxide film 42 as an insulator layer on the silicon substrate 41. This SOI substrate 40 
and the silicon substrate (support substrate) 1 in which the trench 5 was formed are stuck by direct 
cementation. In detail, the thin film layer 43 of the SOI substrate 40 is directly joined to the upper surface 
(flat side) of a silicon substrate 1 . 

[0053] then, grinding and polishing, or wet etching shows to drawing 1 7 (b) from the rear face (substrate 41 
side) of the SOI substrate 40 — as — at least — a substrate 41 — removal — it removes to the interface 
of the embedded oxide film 42 in detail. At this time, in order that an oxide film 42 may work as a stopper to 
polishing or wet etching, thickness homogeneity will become high. Thus, the N type silicon layer 43 is 
arranged on the silicon substrate 1 in which the trench 5 was formed. 

[0054] Field bearing of the N type silicon layer 43 of a silicon substrate 1 and the N type SOI substrate 40 
can be changed by using the pasting method by direct cementation also in this case. 

(Gestalt of the 5th operation) Next, it explains focusing on difference with the gestalt of the 1st operation ol 
the gestalt of the 5th operation. 
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r0055l This example is the technique of not needing a pasting substrate. First, as shown in drawing 18 (a). 
Se P type single-crystal-silicon layer (semiconductor layer of the 2nd conductivity type) 51 is formed with 
an epitaxial grown method on the high-concentration N type silicon substrate (semiconductor substrate of 
?he 1st conducSvity type) 50. And as shown in drawing 18 (b), a trench 52 is formed by etching, further, as 
shown in tekil(c) with an epitaxial grown method, the sin g le-crysta.-sn,con layer (se^conductor laye, 
of the 1st conductivity type) 53 of N type is formed in the interior of a trench 52 and the -nt en or of a 
trench 52 is embedded (filled up). At this time, continue epitaxial growth, that is, it is made to go on 
superfluously Tnd the N type sNicon layer (semiconductor layer of the 1 st conduct.v.ty type) 53 .s formed ,n 
?he upper surface of the silicon layer 51 . In detail, the single crystal N type silicon layer 54 with a thickness 
of 1 micrometers or more is formed on the P type silicon layer 51. »„„„u 
[0056] In addition, in order that single crystal silicon may grow also on fields other than a trench opening, 
materials used as an etching mask for trench formation, such as a res.st and an ox.de film, are removed 

before an epitaxial production process. , 

[0057] Then by grinding and polishing, the surface of the silicon layer 53 .s ^'^-^Z^nZd 
drawing 18 (d). Consequently, the N type silicon layer 54 thin on the silicon layer 51 will be arranged- 
[0058] You may carry out as follows besides the gestalt of each operation explained so far. Although the N 
channel element was mentioned as the example and has been explained until now, P and N of a conductivity 
type may be applied to the P channel element made into reverse. 

[0059] Moreover, you may apply to the MOS thyristor and IGBT (structure which made the N layer 2 of 
drawing 1 the P type collector layer) other than MOSFET. 



[Translation done.] 
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* NOTICES * 

Japan Patent Office is not responsible for any 
damages caused by the use of this translation. 

1 This document has been translated by computer. So the translation may not reflect the original precisely. 

2 **** shows the word which can not be translated. 
3.1n the drawings, any words are not translated. 



DESCRIPTION OF DRAWINGS 



Drawing 2 



[Brief Description of the Drawings] 

rDrawing 1l The drawing of longitudinal section of the semiconductor device in the gestalt of the 1st 
operation. 

" The cross section in the A-A line of drawing 1 . 
The cross section for explaining a manufacturing process. 
The cross section for explaining a manufacturing process. 
The cross section for explaining a manufacturing process. 
The cross section of a semiconductor device. 
The cross section of a semiconductor device. 
The cross section of a semiconductor device. 
The cross section of a semiconductor device. 



Drawing 3 



Drawing 4 



Drawing 5 



Drawing 6 



Drawing 7 



Drawing 8 



Drawing 9 



Drawing 10] The cross section of a semiconductor device. 



Drawing 1 11 The cross section of a semiconductor device 
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Drawing 121 The cross section of a semiconductor device. 



Drawing 13] The cross section of a semiconductor device 



Drawing 14] The cross section of a semiconductor device. 
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Drawing 1 5] The cross section for explaining the manufacturing process in the gestalt of the 2nd operation. 



Drawing 16 



Drawing 17 



Drawing 18 



Drawing 19 



Drawing 20 



The cross section for explaining the manufacturing process in the gestalt of the 3rd operation. 
The-cross section for explaining the manufacturing process in the gestalt of the 4th operation. 
The cross section for explaining the manufacturing process in the gestalt of the 5th operation. 
The cross section for explaining a manufacturing process. 
_ The cross section for explaining conventional equipment. 
"Description of Notations] ... . . r 

1 — A semiconductor support substrate, 2 — N+ A mold silicon substrate, 3 — N I type silicon i layer 4 L 
P type epitaxial film, ] — An N type silicon layer, 5 — A trench, 6 — A P type d.ffus.on field 14 1 5 [ — N+ 
/ Mold silicon substrate, ] — The substrate for pasting, 17 — A hydrogen storage reservoir, 18 — An N 
type silicon layer, 20 21 [ — A silicon substrate, 42 / — An oxide film 43 / — A silicon layer. 50 / — N+ / 
A mold silicon substrate, 51 / — N type silicon layer. / — A P type silicon layer, 52 — A trench, 53 J A 
trench, 30 — A bulk wafer, 40 — A SOI substrate, 41 
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(S«rt^^<itI©Mc^iS?M©ffi^ail 0 3?:* 

u s^*®^Da®^^m?]£^iji£"rasM©h^>> ; 

/cii(l bum, tiLbum<DFVV r 

NfifJfSl 0 3*xtfiRS'rJi$flt*rS»^*#^So ±i8 

FiesWsfiWia*. -eu-c, ccs^c©»«xfi 

tC*fb, CnJ^Pi©^>VXX!iCCfcliT, "7^- FXfl 

[0010] 
[0 0 1 1 ] 



(4) 

5 

ucm^n i w*s©*»*»#EB3ft5. 

[0 0 12] */c, s»*3H4tciatgo^z9(*Sia<D«!jS 
0 ) 0 , ^f*HODB^i^ (10 0) -e* 3 i» 

_ [ 0 0 .1 4 ] »^5jcjaitt©¥^<*»«©«!®*ffi^ 

cfctitf, m 1 W«SKD*»»S«JC h u>^**Jfcfi»3ft 
tit, W2*WI©W1lf*dtr«tB*-C«MS« 

a^fiasra. 3^c, hu>?W2iis^« 
wstft-caaasn, ^fts^o±{c«^m i mmm 

mtcZ>i><D±T2>£, 1 CCEtt©¥«S{*3£B*:t# 

[0015] 8B««7 tclBtt(D*»#«a<0«ifi*fttc 

u>^rt^2S«scD*«»t**4-ca*ji*nao 3 

6(C, »lWI©^;^*«a*i«*»«i. 
* £ »JS L /t¥Sf*S« i #B«S£ HA 0 £ to 3 ft 

U>^Sr»«L//c*3l#S«0±4C»^» 1 SIS©* 

[0016] SR3&H9 CcEtt©*3»ft«a<Z)«!ifi^ffitC 
fi#(K«l£ h U>^#JI5#E3ft£o h 



2 0 0 1 - 1 2 7 2 8 9 

6 

Sffi<tA^a:«*a«:t:ilA0^to3n5. ^frc, so I s 

¥«f*s«cD±tcgi 1 s«s©*«*«#iKB3fts. 

ccc, W*JB1 0KE*MXJ:5K:, *lW«SS©*i» 

f*ss<b s o i 1 s«ss©*«(*« titmfitiL 
aw** ««« HcetRo*«#«a* 

[0017] »#JB 1 1 CCEtt<0*»ft«B©»JS*ffi 

4£VfMI«s«A3ti&. ^LT, ^NH*Btc h 
JfcJ&3ftS. 3 6«c, xh^+t/tMSftUOhU 

[00 18] 

zmzMWki'tcm 1 <omi&<Di&i&zMmt'i>£'oxmvn 

[0019101 «:»*3IJfi^»^feW&*aw*RB© 

«»rania*svr. c(o^mimm^ n***^^? 
-mos F EYr*s. Hi k&^-c. ~*"»ft3£J*£1S 

lttN* S'> , j3>112i, *(D±CCJKfiS3n/cNSS 

fc % 333K«1 (NS^'J3>13) (D±tCttWC*NS 
^';n>B4^iBB3tir^4- JittKKc«. NfflS/'J 
3>14093tt 1 a mfelT"C*4. 360C, NIV'J 
3>l4i*»(«»Wl («2, ^'J3>13) 

filOM^fit* 3 (110)7*0. NS^»J3>14© 
I#ffl#(100)r*S. ft*, NSt/'j3>140 

ti>X'&2> 0 

[0 02 0 ] NSS^y 3>B3CCBh (») 

iKi&sOTh*©*****^*. COPSSEltlMK«BB 

[0 02 1 ] Nffl^y^^BStctoWSA-AarO^ 
ffiH*E2CC7S-r. H2CCfcl^r, N^>U^>JS3tc 

[0 0 2 2] *fc, 0 1 CC*j^r. #r ^ P«i«16 ( h 
50 5. 3cf#Sffil (NS$/';n>i3) 0±CC« t ^r-h 



(5) 

7 

KfbHi DWBfiRsnri**. 

PSWS) SsW&flESftrOi., 3 *;l/P«« 

m 9#jfcja3ftrt,>5. -tor, v-^si2#? 

(EItSBB) **EB3*irC44. 

[0 0 2 3 ] 19 h5>^**QflUB± Urtt, h^>^ 10 
>l*S8tctei^ r * i* P«« 8 <DM3IB 

awsfi ut^t* fr&jfcfS, u v - * a» 6 ssrtsp^ 

Ky? hN««7&WBi«KNaJ««! (2) «g&U 
r, iio F >Ii^ il^^ifin^o — 
t*»tc*5C»rtt. -tti-tnop N«^««*»&»wfcffi 

wsnrc^a. 20 

[0 024] ^7= •/ P«« 6 i K U 7 h N««7 

3~05 tectum *ffli^ri»5B-r4. 

[0 0 2 5 ] a-T, 133 (a) CC^T<*:5&t, W*tf^ 
<®»i*ffia s lxi0 2 Vcin 3 fIS(D7S6i«a*N^Sfi 
2*/H*f4. CtitC. -f > 

#X<Z>»«*lf**fllC»r, NM$fSo B Q >'^>13^4 
5Min/^xt:^^>'t«S?t^ 0 CCD<h#, xt 
£ + V + JUJB 3 (DJfJ RS0C# 0 SSOil S CDitfiPS:^ < "f 30 
-<< , WAtfttflH"4^ll :3>^x^<DS^&^fcjI^ 
fciSSfcitor. ^«>4 5 umia»l^^*ffllr»5 

[0 0 2 6 ] C<DNSa»3<0^#BJ»i*flE«Fy^ hN« 
«©«cj;r>rifc*&#, HttWfcttl x 1 0 15 /cm 
0 17 /cm 3 ggt^J. 3 i3 

(b) K7jVrJ;5CC, NSB#l*S^y =»>JB3©^ffltC 
JtftKft^CCct-^r 1 0 0nmfMfi<DBMfcBl 3*JBfil£ 
L/, 7+hU^h4»ffWc», Bra©««13at 
i^>m e 1 3a*sjgJ«3ti 40 

[0 02 7 ] S60C, C©BMb8tl3 (SfcfcUftfUU 
U^hOSii) ^vX^ftLt, 13 (c) 

>^ (») 5*J»flW*. 17?^B1CP (Induct 
ive Coupled Plasma) f 4ffll^cK7^X'^>^ * 

* * > ^tc it"<r 3i v > £ac J: S y - ^ ec J: £|£ A 
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ccDts^ccwaftf y 3> , ?i^oBBSrtt* (no) i 

U xy?>^OfcBRcDfflfJfi^ (111) ffliTSsE* 

atfforfcJ:^. S3 (c) ttv*sM5*tt*i»SLfc 
«^*5*"r. x **>yB*©*^-j>fcj:^r*8 

£T£^fi3£l*ST&/ca&tCCDE (Chemical Dry Et 

chinq ) *\ j»wb*jj:^«iffiifb«i»*©ii»xe. *^ 
afeft«ttlWfc«*fTorfeJ:^. 

[0 02 8 ] 04 (a) CC5WJ:9K:. «A 

tf:>^> (SiH 4 ) -*>^*cu1/5/5> (SiCl, H 

3fc*tt»t/ y a >ai (xtr**v +jm> 1 4<dji3 

5B£(C*E»3ft4 (a«W&*ti4) J: 5 KIT*. CC 

t, steaitttWfe-rrtfiP^^sw* 5 ^*^* J: ^cc, pap 

BB*il>U**W«:^ 9 ^ > ^ * C £ k: <fc -> r 0HPWK: 

J^^^'**MLrrRI«OcBBP»D*i '^>>^t^ 
*©#tt*Jfli*rfcJ:<r». 
[0 0 2 9] £©£3fc:tfc:df*^*Jl'IH»0C, ^x 
; ^®<D #PBfl □ mm* ^ * 9 ***4 **» o r C > S »^ frC « 

«ct>HP»ifi«r»*(D««<Daiitt*iLcc#tt»vy 

i^^Ci«?n^ 0 tcr. 04 (b) tc^TJ; 

^2BttStE^ffifrC*fOCMP (Chemical Mechani 
cal Fblishinq) t»fcW«-*» F^i^ 

>?^1f^, SiSjcoxf^ + ^^^BIl 4 
PU<(t ^ < i ^M©^ 'J ^ >i 3 ©«lrfe -9 

[0 03 0 ] C<DWSfrC«^liLtfCMP (Chemical Mec 
hanical Polishing ) ttt«l>SCi#t»S# ( 

Bf**C m Wit«y>ro*©flF^* J t-^-^** 1 ^* (0 
r, w^fi4SiJi5P*rac<b^pJfi6r*So cco<b^<DP 



(6) 



£ * + ;uj&g£(!*jJ:TS c £ tc J: o rw^imc c OSS 
£l££-<r&o &*c, c©«liR*v**tf£UT:t?* 

or, /ti*t4««bfcHF*»«r«fc«rft0l*l»*"r 

tt#mfl>2 0 0 nmgK-CiD, ^S<DWgOC<fc -?r 

^pyflf t*r s c <t a* nj&E-e * s /c#> , wgio^' ^ ^ * kt 

[0 0 3 1 ]tUt, C<D«fc5ttffiBIg«te> H4 
(c) K5VrJ:9«:, *3HftB»l 7^T^SSl 5 

fcfljs-r*. NM2/y3>i«i 5<d^e (m 20 



in^M^ntc^c -tor, cote^ffl*»i*a 

tSl 5 (W^V"J=i>JBl 8> 1 ilcjgJgg^K: 

awssfii 5 ©jsa-r-aii® 1 7 (*JRrtKffi) "cwmi 

U HSte^Tcfc^cajONJl 1 8&8i**\ 30 
[0 0 3 2 ] C C -ca^/cBA^ffl*« 1 5 r <D**© -f 

77U=*>\ ^-b^V, "^'J^A, TKSfrT-fcJBor&J: 
O, 

[0033] c©j:5«:i/-ca«i JitC»t>Ngs[i/y =J 
cr>N^> y =2 >s« 2 ±«n5i*R<DNa*isa^ y =« > 

M4i)^ ^-fPM (6) C0?HI3<t|sJ«(D/P3/<:tf — 
SKcjftgRShStifcCc, N3S^ya>JB4 (FU7h 40 

So 

[0 0 3 4 ] CCV % BA SMatR 1 . 15^1 
t**WJWB*«R<t0rfcJ:o.. 

[0 03 5]-£<Df& 4 iHC^U^C, ^i>*Jl>PM 50 
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So N^t*^7-MOSFET^fiJ 

[0 03 6] 2«c % jRT-cDflfttoft-tffo ^<*®iascc 
oi^r#R-r^o *7ffifEE6 0 O^hOft^^Mffii 

3!0«fS ( F y 7 h N MM 1 PWM 6 ) cDffJi* 
tt. SI, 2CC^T<i:5K:, «?D = 45^ 

£x^ffiOCteWS¥Siartt^r -y P«*S6» 

So 

[0 03 7]^/c, P««6(Di2B&cMUTtt, 
H 2 0<k *> CcSOtclKIMttSrt 4 4>cc— itt«±cc»yij-j- 
S«f3trtt, KfgiTSrKr^ P««6<DHI©?EiSll^rSl 

tct-^r fft*>^. -kSffiSo^fw p 

««6CC»0r % miaSCD{4B (±T£«) 
?a PilsJ(6ira)SEftd 1 it^i, »2 2i8 ($4 
afrST, ^ ) toffistcc * S d< ^ w P 6 * rcDSggi d 
2Bf2dl444. ftftna. K'J7FN««7® 

ta^-«"C <t t ^» , ft££2A t s s^fr «r «c 
oio, Fy? hN««7*^±Kaifts-e*fc 
^ccti, jnii!t«n±©#^-* PRflieiiBtcsiweUi© 

J:^4iBB4rSC<h*sa*0<, t?"J^«, H6CDC4 
< , *Stft©#f ^ P*I^6 atc^L. BS®nra#^ 
^ P«I«6^iEAflJK<DlS*«:iaBr4<t ^ tcB2B0-C 

[0 0 3 8] d<r^ PJR«6ttR8«ttiLtBl 

ixt'^i/t JUfiRfitc J: S OrtSPO^ifiCc J: & O 
S «> , if^Vt L /cflScD ife a s a tt o l *r # 

[0 0 3 9 ] *CT, 07, 8te7nl,/cJ:5iC, it* 

fcJ:i>o "?t*), t&MstiLtfi (loo) r*a^x^«r 
ffli*fc»*©*n*n«&fiw« (iio). (ioo) 
ffl-cA&»£&*b-ci>*. cent a*oi£36*i^ 



11 

[ 0 04 0 ] 09. 1 OtCmLtcJz^lC. # 

1 1, 1 2fc7j*Lfccfc5fc, P««6WjEAftJI5 
& c il0iI12i^m, SWS-rStffw PWS 

6 cd IBs * mmr$ffi&-m tftz>&*> tees iti^„ 

[0 04 2] HI 4CC7n"r<fc5tC, stffw P 

x**>f hx-^y^) ^ib'^+'>t 

[0 04 3] C6D<=fc *H«©»«ttT12©««* 

(-< > ^mn»m<otm^ktux. H3 <c> tcm* 

*5«BfifcU H4 (a) tC5Vrj:5lC; H/>^5fi 
SPfflxhT**^-*-^*! <*2««SSO*««***4) 1 30 
4ril£>i^ n 4 (c) &c*jVrJ:5$£> BffffianStcW 

seojH-T-©* i 7 fcgafr&A/rcs/ >j 3 >gfg (» i 
¥-mwmwi tz&mm&texteti&fr'&z. ^-u, 

fi 1 BCOJR^aiilB 1 7-CMIBU hl/>^54Ml 

1 cr>±CC»C^> y 3 >H (mi »*SO^(* 
■ ) 18£6EaLfc 0 cto-C, B 2 o <oi^mm 1 0 
2, 1 0 3 z*vi&&xJtm? <<oy* h 
I8*yatft4#, *WTtt. 7* HXgttiftgiL 40 

3 ©ffiSKI«K:'Oi»Tn#* 1 2* 1 tc^ioSiiJ: ^if 

4 <t . mm tztitcm+teto^xm^vTvui'V m 

[0 044 1 */c. te0^fc34l4MSSl. 15CDIS 
■fiiiL&mte*) (^SffilCD±CD->V33>^4<D®*{4 
#S«l©HB#ffi<!:l*&9> , *#«jtctt % »«l<Dffi 50 
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(i io) r & o , ^ y ^ >ii 4 (ds^(4^ ( i 
oo) tfe^i, ^ojas**-r4o x * j: 

&tj:-? rastc - >\ ^fil 4: JIM l> % t » fc«> K » . 

iCitiifetCfea^/c^ C<DB#, HKfrffi** (110) 

Igg^^^^^jgctccoti-rti, (lio) Sfi*sjis 
©(100) StECCtb^rses 3 tii. Ch 

tC#U ttO^SHS*(100)IStUt ( C 

hx**>y*flH,»*c&K:J:4 (110) 

®E**»?ita> (ioo) *««cJt^r*siio^*^ 
(»2©jatojK«) ^«c, m2<omu(om^. *i 

[0 04 5] fjIB^ 1 (D*JBB»^tt?K»«NS»tS2 

3*»flEU/c*s, ^iBBW^tittO^tttfflti-C 
*-T, 015 (a) tcjSfcfcSCC, ^lill© 

^S{*3«£ or ©iBMIKNffls/ y 3 >sts 2 0 %x ^ 
hu>^2i*je«r4. ^ut, hi 5 

(b) Cc^Ti^Cc\ "(B>"*<DP'ffl5p« 

>*tcPM^W 3 #A3n, 0tScD«*S2 2<DjftK*s 
im,tW. hu>*2 1<DMP«Kp 

e>t/ »; ^ >atg 2 0 ^^wei^fflftis^^awtc h 
[0 046] cnm%<Dxmtm&i'tcj:mtmmx$> 

^ c B15 (c) ^TJc^Cc, xb'^f>t 

m% m l feme *s y ^ >stS2 o ±ic^i^ Nmts y n > 

[0 04 7] c ct, itSS^ciSBA^^ffli^c 
tCCj:f3S/y 3>Sffi2 0 <bNS'>'J n>Jf 2 4(Dffi# 

x f ^ * ^> * ^RSfixa*«Psr ^> c piffi-cft o . 

XS<D(5='Xh{I:(c^:S<*#-r4/cWr&<, -AOJ: 
5tt3WjSfe*"t4. fftto^ *#ffiOC J: ^T?f5fiS3*i 
/cF'J7 hNM^c (2 2) <D^P7 7 -/-lUttsK^-f PpS 
«2 3O»8S*6*^«:(K*9[ft-r5JBttitt0, CC 

E*£«tL/ttC>. Ctifi, 0 1 0l?<DAftJfJOlS*i 

Z> 0 JKc. x^ ^>^XfItc*5^r, x -7^>^3« 
KatSN^^i (03 (c) ©f?-^2^SMvj-) OlliPl 



(8) 



13 



#ja#Jr*-?fctK (3 19 (b)CDcfcO^. ^Sb/cf3 
t^Ci«t^n^ D CO<fc5tcittiSfiN$fl«2 4. K 

y ^ h N««5©{aai««©^<^ ^ ^s^rnie^'^ ^ 
ceases tiftfc*. ccDct^^w^^o 

[0 04 8 3 KiS^ibr, fj^C0[E3 10 

(a), (b) , (c) teitfEK (a) *m^-CWm 

tS2 <D±CCN3S^ 'J 3 >® 3 ^MltNS^ y n >s 
IS (» 1 ilS^iMS) liUi c<D»tS 1 ccfc 

[0 0 4 9] tit, HI 6 (a) CC^TJ:5fc:, mi 

^'J3>1S (^J^^) 3 0?:ffllL, hU>^ 20 

-3 o 4 «C««dicxtt 0 Afctt«i. _?_6ic._ o7V2Ji 

«3O0Kffi«fcOW»L W**tfoTBIl 6 ( b ) tc* 

^>'j3>is i ©jiccai^Nsa^y 3>jb3 1 ^ses 
c t i,c j: o > y n >s« i iNfA% y ^ > 

(^4©HfiS©0«S> ^tC, »4©^jfe©J^«8*. ^1 

[oosngiMiit, mras©S3 

(a), (b) , (c) *j<t^H4 (a) Sffl^tSW 

« (»i*«s<o*»f**«) i£u c(DS«nc*5 

U Hx>^5rtSrPS^y ^>H 4ra*ii*. 3 40 
[0 05 2] *l>r, 017 (a) &C7jVrJ:^C 4 S£ 

^-&fe^sis<t urso isf4 0^i-r^ soi 
Ifi4 0(l i/y=i>«E4 i©±«c«tiiiur©B 

#f*») 4 3#iBH3*VCl>£ u CCDSOIS154 0 

i % hu>^5e^i/cv«j3>si (^ii) i 

I £>±ffi (¥fflffi> 4 S O I «g4 0 OfSKH 4 3 £ 
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[0 05 3 ]?l*ft#, S O I m&4 0(Omm (3«4 
TBI 7 (b> CCtj^JcMc, M<it>Sfi4lS:i 

#o<i*. aaiwui4 2©*m*"cifc*"r*. c 

ffil 0±CcNSS^y 3>H4 3 3^B2»3*iS. 

[0 0 5 4 ] C je««£fc£Ste£8;«:ffll> 
£«c<fc9^y ^>StSl 4N52SO 1 S«4 OON 
SSt^y =J>B4 3C0S*(4«:S*6#SC4^-CtS o 

(»50*»©»») »IC, #5<0*»©JISI»«:, #1 

[0 05 5 ] *«« % tt^»«*iK*404l^S-C* 

su\ hi 8 (a) &c^-r<fc^c it^t^t^ 
BS*ffiKj:o*i«S[©Na[^y=i>s« (asiwtss© 

5 0±«cPS*ttfi^ya>« (^2^m 
g©¥58ttB) 5 1 • *LrT, El 18 <b) 

$6ic, iai8 (c) tc^rctocc, xt^+vtw 
sfficcio, hu>^5 2ortBPKNS©m«as^y=' 
>®_ cjn mmm<D¥m*m ) 53 u rh_u _> f 
5 2 <Dftm%M&>&is (*aiV4) o c©4#, xt-y 

>J15 KO±BBCcNSS^y=a>B l»SSO*»<* 
±CC, 1 m m«±©W3©**SaNffl^ y u >» 5 4 £ 
[0 05 6 ] ft*, h U>^BBPSPfei^©«l«Lhtcfe# 

tss^yn^sfiss-ri/c^ hu>^»^> 

[0 05 7)^1^, ^yn>B5 3<DBBB*WBlJ/ 
W^Ccfc^T, HI 8 (d) i^CiflHtf^) D 
-eoS^, 'J 3 >i 5 1 (DliCi^NS^ 'J 3 >1 5 

4#|gH3ft&c4fc:&& 0 

[0 0 5 8] ch*TBiHUt*fc^CDJ|jiH>ftC 

[005 9] ttc y MOSFET (DffeCC & v MOSt^ 
'M^IGBT (|31(DNJi2^:PS=3L/^^®tCL 

[HBOB4t«cH9i] 

[HI] ^1 Ol5«OJi5«8^fcWS*»#*K©ia»f 



[H3 ] *»I«*»W-i"Sfc»©KffiEL 
[HI 4 ] 3RjgXS*ltt?B^S/c»©WffiH„ 
[[35 ] KjgXIS^Itt^^^^^cOKffiiao 
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[07] ^■mw^m<ommm. 

[09] s¥-m^m<ommm„ 
[sio] mm^so^mm. 

[011] ¥Sf**e«©WffiH. 

[0 12] *«ftgg©Brffi0. 

[013] *®f*«a©»rffi0 o 

[014] ^^f*3*g©ffliffi0. 

[015] tg2 (omno^mic *w snaxa *»w 

-r&/c&©trrS0„ 

[016] IS 3 ©3*£*©»J8tC *5W SSSilg SrWW 

r*fc*©»fffi0. 

[017] a»4©3HtO*JBtC*$W*«tfiXS*lttlW 

-r&/c#©tKffi0. * 
[01 ] 
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* C 0 1 8 ] Iff 5 ©UltOJBIBMC *»W & H iSXe *«H9 

-r&/c«>©0fM0. 

[019] tomM&t&^S'/ti*©RaB0„ 
[020] ffi*©iSK4BMIi* 4 fc«>©»raE. 

1 -¥#ft3d#*lE. 2-N* SS^y 3-N 
a«/>j3»B. 4 — NS^'J3>J1. 5-hU>f. 6 
-PSffi«««. i4-PSxf^-/tJH, 15- 
fe-^ffl*^. 1 7 18-NI->V3> 
10 H, 2 0-N* 52i"J 3 2 1-H/>f. 3 0 

•yN'jU^^x^, 4 0-SOlifi, 4 1- i"J3>S 
4 2-BMfcBt 4 3-^'Ja>B. 50-N* §^> 
ij3>Sf. 5 l-Pi'>'J3>l, 5 2-hW>f-. 
5 3-NS->'J =J>@„ 



[02] 



[06] 




L t V =f "1 — ■« Vl- 1 

P* gN* j N* 9 

8> — 1 _ L — — 



N 



1 



•12 



i i ] 



^71 



[05] 




) 6 o o q 



o-l w MO 



s-Sq 5 Q O n ® 



~~3 



") Q Q (EX 



6 7 



[07] 




18 (3) 



(110) 




[09 ] 



<?;<?;° o 

o o o o 
o o o of 7 

--3 

O O <!> n O 



[010] 



) 6 %Q 5 O C 

o o o o 
:> o o o c 
o o o o: 

"> Q Q ®"C 



(a) 



(b) 



(10) 



CH3 1 



N* 



n n 




(a) 



(b) 



2001-127289 

[14] 




5 

-4- 



5 

4- 



5 

-4- 



t ' i ' t ' r f r r 

7 6 7 6^7 5 7 6 7f2 




(C) 



\ 








1 




\ 




N 




N 




N 





CBS] 



> 5 t>6<> O < 

(ioo) -3C> 5 £> o o 

> o 5 o o < 
o o o o 

> O O <£>"< 



--7 
3 



[113] 



5 



imm 




(c) 



* 



TTTTJ-tTtn* 



[Hll] 



o o o o 
o o o o 
o o © N o 




1 2 ] 



o o o o 
) o o o c 
o o o 




(11) 



ftVM 2001-127289 



1 5] 



[HI 6] 



(a) 



21 



21 



-20 



(a) 



-r — r — r r r — r i i, n 

? 6 7 6^7 6 7 67f2 




(b) 



(0 



21 

4- 



21 

It 



-22 



-20 



21 21 



.24 



N 4 



[020 ] 



106 107 o 

1( U ^«»7 n» 184 



102 ^103 102 ~ m 



101 



•22 



-20 



(1) 



(b) 



5 
Y 



7 g 7 u f f 

N* 




31(4) 



[017] 




40 



(b) 




r— rr 

6 7 6 7 




;43 (4) 



(12) 



ftM 2001-127289 



[118] 



{[119] 



(a) 



(b) 



(0 



(d) 



N* 




(a) 



(b) 



52 



52 



52 

< J 



' 55 54 55 5^,55 54 55 5* 




-54(4) 



(1) 



5 



I 




I 




N 





—3 

a 



CSOInt.Cl.' f&S«J12# FI f-73-K(»#) 

H 0 1 L 29/78 6 5 8 E 

(72)WJJ» WAR (72}*6W* UjP C 

*»l**J«T|jlB«WriTBl*» #5S£ *»]»^J«r1iBBfOWlTBl*» 

F £-A(##) 5F052 DA01 DB01 GC03 JA01 KB01 



